Objective
In today's society, degenerative joint diseases are one of the main causes of pain and disability. The knee joint is among the most often affected joints in the human body [1] . Pain and limited knee function resulting from degenerative joints can considerably affect a patient's quality of life [2] . Therapies include a wide range of conservative methods, but in cases of advanced degenerative osteoarthritis, a total knee arthroplasty (TKA) can relieve a patient's pain [3] . This pain reduction leads to an increase in activity, which is an important contributor to quality of life [4, 5] . Thus, measuring the patient's activity level in combination with knee function [6] could provide an important outcome measurement for TKA surgery [7] . Numerous assessment tools, such as the WOMAC, the SF-36 and the Knee Society score, are currently used to evaluate TKA outcomes [8] [9] [10] [11] . However, there is a need for a simple and concise standardised questionnaire to assess the outcomes of TKA surgery [11, 12] . The Lysholm score and the Tegner activity scale, which measure the patient's perceptions of function and activity [13] , are commonly used to document outcomes after anterior cruciate ligament injuries [14, 15] . The Lysholm score ranges from 0 to 100 points and is based on eight domains: limp, locking, pain, stair-climbing, support, instabil-ity, swelling, and squatting. A score of 95 to 100 is considered to be excellent, 84 to 94 is good, 65 to 83 is fair, and <65 is poor [16] . The Tegner activity scale is a numerical scale ranging from an activity level of 0 (sick leave or disability pension due to knee problems) to 10 (competitive sports on a very high level). Both tools are easy to administer, short in length, and have been validated as clinicianand patient-administered instruments for a variety of knee conditions, primarily anterior cruciate ligament (ACL) and other ligament injuries, but also including chondral disorders, meniscal injuries, and patellar dislocation [13, 14, 17] . However, in contrast to ACL surgery, TKA surgery is not sports-related [18] ; rather, this procedure is a consequence of osteoarthritis [3] and is primarily performed on patients older than 65 years [19] . Thus, the applicability of the Lysholm score and the Tegner activity scale for this patient group has yet to be investigated. To date, the Tegner activity scale has been shown to increase during rehabilitation in TKA patients [20] , and the scale's reliability was reported to be excellent, with no ceiling effects [21] . To our knowledge, however, no complete validation of the two scores has been conducted in patients with TKA [22, 23] . Therefore, the purpose of the present study was to determine the psychometric properties of the Lysholm score and the Tegner activity scale in patients with a TKA. As both instruments have been translated into German (Lysholm-G and Tegner-G) and those versions have been validated in ACL patients [24, 25] , the German versions were used in this study.
Methods

Participants
The patients were recruited consecutively during a post-TKA surgery check-up appointment at the knee unit of the orthopaedic department at Balgrist University Hospital, Zurich. They were divided into two groups: the first-visit group (FV; 0 to 3 months post-surgery) and the secondvisit group (SV; 3 to 12 months post-surgery). Additionally, an age matched control group (CG) of healthy participants was recruited within the medical and therapeutic staff of the Balgrist University Hospital and students of ETH Zurich. All participants were not familiar with the questionnaires. The exclusion criteria for all participants were arthritis (inflammatory disease), loco-regional tumour or metastasis, inability to speak and read German fluently and severe psychiatric disorders.
Validation process
In one session, demographic and clinical characteristics were collected, and both the Lysholm-G and Tegner-G were completed with instructions of a study team member. The instructions given by the research assistant were the same as those on the questionnaire itself. Additionally, the patients were asked to complete the health status questionnaire SF-12 [26] . The participants were then instructed to complete the Lysholm-G and Tegner-G again at home 3 to 7 days later and return the forms by mail. If the questionnaires were not returned within four days, the patient received a reminder telephone call.
Data analysis and statistics
Descriptive statistics were used to describe the participants' characteristics. Differences between participants' characteristics were tested with a Mann-Whitney U test. Missing values and dropouts were noted and excluded from further analyses. Parametric statistical tests were chosen to calculate the relative reliability (intraclass correlation coefficient (ICC 2,1 ) and its 95% confidence interval) [24, 25] . ICC results greater than 0.70 were considered to be acceptable [27] . Cronbach's alpha was used to assess the internal consistency of the Lysholm-G but was not determinable for the Tegner-G, which consists of a single item. The acceptable range of coefficient alpha values is 0.70-0.95 [28] . To assess the absolute reliability, the standard error of measurement (SEM) and the smallest detectable change (SDC) were calculated. The SEM represents the standard deviation of repeated measures in the same patient. The SDC represents the minimal change that a patient must achieve on the scale to ensure that the observed change is real and not just measurement error. The SEM was calculated using the formula SEM = the pooled standard deviation of the first and second assessment*√ (1-ICC) [29] . The SDC was calculated as 1.96 x √2 x SEM [27] . For construct validity, the ability to differentiate between FV, SV, and CG (the discriminative validity) was tested using the Kruskal-Wallis and Mann-Whitney U tests as post-hoc tests, and an exploratory factor analysis was completed for the Lysholm-G. In the absence of a gold standard, criterion validity was established by correlating the total scores of the Lysholm-G and Tegner-G with the physical component summary (PCS) and the mental component summary (MCS) of the SF-12 [25] . Spearman's coefficient values were interpreted as indicating a relationship that was excellent (>0.9), good (0.7-0.9), moderate (0.5-0.69), fair (0.2-0.5), or minimal to absent (0.0-0.2) [30] . Floor and ceiling effects were considered to be present if more than 15% of the respondents achieved the lowest or highest possible total score [14] . In addition to the analysis of the Tegner-G and Lysholm-G total scores, the single items of the Lysholm-G were analysed identically. All of the analyses were conducted using the IBM-SPSS 20 statistical software (SPSS, Inc., Chicago, IL). The significance level alpha was set at 0.05 and at 0.05/3 = 0.017 for the post hoc tests.
Ethics committee
All of the participants gave their informed written consent. The study was approved by the ethics commission of the Canton of Zurich, Switzerland (KEK-ZH-Nr: 2011-0303).
Results
A total of 56 participants were recruited, 52 of whom completed all of the measurements. Due to braces used for after surgery, four patients did not answer the question about instability, and one did not answer the question about locking. Consequently, their four data sets were removed from all of the analyses. The participants' characteristics are shown in table 1. Four of the Tegner-G score retest forms and two of the Lysholm-G retest forms had inconclusive answers (more than one answer was marked), which were clarified by phone. There was no difference in age.
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Swiss Med Wkly. 2014;144:w13976 ICC 2,1 showed good reliability for both measures (0.87 for the Lysholm-G and 0.79 for the Tegner-G) in all of the TKA patients (table 2) , and Cronbach's alpha for the Lysholm-G was alpha = 0.93. The SEM was 7.84 for the Lysholm-G and 0.44 for the Tegner-G. The SDC was 22 (21.72) for the Lysholm-G and 2 (1.16) points for the Tegner-G (table 2 and table 3 ). The Kruskal-Wallis test showed an overall significant difference among the three groups for both scores (Lysholm- 
Discussion
In this study, the Lysholm-G score and Tegner-G activity scale demonstrated generally acceptable validity and reliability, justifying their use as outcome measures for patients with TKA. Thus, the Lysholm-G combined with the Tegner-G might be a simple and concise assessment tool to assess the outcomes of TKA [11] . Five items (7%) of the Lysholm-G were not completed because of a post-surgery protocol that required these parti- Table 6 : The varimax-rotated factor matrix of the short version of the Lysholm score (factor loads <0.3 suppressed). cipants to wear braces. In 11% of the retest assessments, the participants gave more than one answer to a question, which implies that the patients were uncertain about how to correctly answer the questionnaire at home. It can be concluded that to address this problem, this patient population should receive extra instruction before the self-administration of these instruments. Overall, the Lysholm-G exhibited test-retest reliability in TKA patients that was adequate and comparable with studies of other populations [16, 31, 32] . Furthermore, the internal consistency was better than those reported in studies of patients with meniscal injury or ACL injuries [16, 24, 31, 33] . The SDC of the Lysholm-G score (22 points) was much larger than those reported in studies of patients with meniscal injury (SDC = 9 points) or ACL injuries (SDC = 11 to 14.6 points) [16, 24, 31, 33] . The large range of Lysholm scores (minimum = 15 / maximal = 100) results could be the reason for this large SDC. Future studies should investigate the SDC in more homogeneous groups with respect to days post surgery. However, we found that the SDC of the Tegner-G was 2 points, which differs from the SDC of 1 point reported in ACL injury populations [16, 31] . Nevertheless, because the difference between the CG (mean = 4 points) and FV (mean = 1 point) groups was larger than the SDC, the Tegner-G can still be used in a clinical TKA setting. The good discriminative validity of the Lysholm-G and Tegner-G that was demonstrated in this study indicates that the Lysholm-G and Tegner-G can differentiate between the functional status of TKA patients at various rehabilitation stages and that of healthy controls.
In the absence of a real gold standard, the Lysholm-G and Tegner-G have been recommended as a gold standard [34] . Criterion validity was established by correlating the Lysholm-G and Tegner-G with the SF-12 [35] , which has undergone vigorous testing and has been used previously to measure outcomes after arthroscopic knee surgery [36, 37] . In this study, the Lysholm-G and Tegner-G correlated moderately with the SF-12 PCS, but not with the average mental component score. These results were similar to those found in ACL patients [31] . As only one patient (3%) achieved the maximum score on the Lysholm-G (consistent with the reported data for ACL patients (2%) [31] ), there was no ceiling effect for either score. The floor effect of the Tegner-G that was observed in the FV group was based on nine patients within the first postoperative week, which implies that these patients will achieve higher scores with increased postsurgical time. Thus, this floor effect is not of clinical relevance. The factor analysis of the Lysholm-G revealed three factors that could be interpreted related to 1) transfer and changing body position (the items "limp", "support", "stair-climbing", and "squatting"); 2) joint function (the items "locking" and "instability"); and 3) signs of inflammation (the items "pain" and "swelling"). However, given that instability and locking are problems more specific to patients with ACL or meniscal injuries [38, 39] , it appears plausible that the item analysis of the Lysholm-G revealed low discriminative validity for the items "locking" and "instability" and low reliability for the item "instability". These were also the items that could not be answered by the four pa-
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Swiss Med Wkly. 2014;144:w13976 tients who were wearing braces. The analysis of the psychometric properties of a short version of the Lysholm-G without these two items showed validity and reliability similar to those of the original version, but proportionally higher SEM and SDC, indicating that it might be more difficult for an individual to achieve a clinically relevant change.
One limitation of the present study is the small sample size which could have impacted the psychometric properties values. Another limitation is that the present study did not assess pre-operative data and responsiveness, which is necessary for the complete coverage of psychometric properties using the Lysholm-G and Tegner-G [40] . Future research should therefore assess these instruments' sensitivity to changes in activity levels over time after surgical or rehabilitative interventions for TKA with a larger sample size. Furthermore, further studies should investigate the relationship between the Lysholm-G (and its short version) and Tegner-G and common tests used with TKA, such as patient-based questionnaires (WOMAC and the Knee Society score) and performance-based tests (sit-to-stand, maximal isometric contraction and timed up-and-go).
Conclusion
Overall, the Lysholm-G score and the Tegner-G scale demonstrated acceptable reliability and validity performances as outcome measures for patients with TKA. A short version of the Lysholm score without the items "locking" and "instability" might be more appropriate for TKA patients; however, this possibility must be investigated in further studies. Future research should also assess responsiveness of both questionnaires in TKA patients. Nevertheless, the results of this study may form a basis for further research that examines, for example, the effects of physical exercise on patients after TKA surgery.
